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A  dual-input  radiometer  with  matched  modulation  transfer  functions  is 
described.  The  two  MTF's  are  defined  by  the  form  of  the  two  entrance 
pupils,  one  of  which  is  annular  and  the  other  of  which  is  circular.  The 
radiometer  switches  alternately  between  the  two  pupils  by  means  of  a  set 
of  polarizing  components.  By  detecting  only  the  resulting  fluctuations  in 
the  image,  the  lower  sptaial  frequencies  in  the  object  scene  are  suppressed 
|  Preliminary  measurements  of  the  suppression  characteristics  as  a  function 
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1.0 


INTRODUCTION 


The  work  described  in  this  Technical  Report  was  performed 
under  Contract  F19628-79-C-0005.  The  purpose  of  this  program  was  to 
design,  fabricate,  and  test  a  laboratory  breadboard  of  a  dual  channel 
IK  radiometer  having  tailored  modulation  transfer  functions.  The  MTF's 
of  the  two  optical  channels  were  to  be  matched  to  suppress  as 
completely  as  possible  all  spatial  frequencies  in  the  object  below 
approximately  25%  of  the  cutoff  frequency. 

The  Background  Optical  Suppression  System  (BOSS),  which  has 
been  described  in  various  forms  in  References  1  through  6,  uses  pairs 
of  matched  modulation  transfer  functions  to  suppress  the  range  of 
lower  spatial  frequencies  in  a  structured  background,  thereby 
enhancing  the  detectability  of  point  sources  or  targets  seen  against 
that  background.  The  NiTF  pairs  are  tailored  to  match  as  closely  as 
possible  at  low  spatial  frequencies,  but  must  diverge  significantly 
from  each  other  at  higher  frequencies.  Then,  by  detecting  only 
fluctuations  when  the  two  images  corresponding  to  these  two  MTF's  are 
alternately  projected  onto  the  common  detector  plane,  the  MTF's  are, 
in  effect,  subtracted  from  one  another  and  the  lower  spatial 
frequencies  in  the  object  are  suppressed. 

The  program  began  with  an  initial  definition  phase  in  which 
various  design  options  were  examined: 

A.  Alternative  methods  for  switching  from  one  optical 
channel  to  the  other  were  examined,  and  the  most 
promising  one  selected  for  this  application. 

B.  Suppression  characteristics  of  various  tailored  MFT 
systems  (particularly,  matched  pairs  of  circular  and 
annular  apertures)  were  examined  and  the  most  promising 
pair  for  this  application  chosen. 

C.  Geometry  trade-offs  (aperture  diameter  vs  focal  length  vs 
detector  size)  were  evaluated  in  order  to  optimize  the 
dimensions  of  the  laboratory  model. 

D.  Evaluation  and  specification  of  detector  and  electronics 
for  laboratory  model  were  performed. 

E.  Methods  for  fine-tuning  the  optical  system  to  achieve 
final  matching  of  the  MTF's  and  effective  collecting 
areas  were  examined. 
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Hollowing  the  initial  definition  phase,  detailed  design  and 
fabrication  of  the  radiometer  was  performed. 

Ihe  final  phase  consisted  of  a  program  of  laboratory 
measurments  to  determine  the  maximum  suppression  ratio  (as  a  function 
of  spatial  frequency)  which  can  be  achieved  with  this  instrument.  At 
this  time,  only  preliminary  measurements  of  the  optical  system 
response  at  three  spatial  frequencies  are  available.  These 
measurements  show  that  the  instrument  behaves  qualitatively  as 
expected.  At  a  spatial  frequency  of  zero,  a  suppression  ratio  in 
excess  of  100  was  achieved.  At  a  relatively  high  spatial  frequency 
(b9%  of  the  way  to  cutoff),  no  suppression  was  observed,  as  expected. 
At  a  spatial  frequency  11.8%  of  the  way  to  cutoff,  in  the  region  where 
effective  suppression  was  expected,  a  suppression  ratio  of  about  7  was 
observed.  The  suppression  ratio  here  was  probably  limited  by  certain 
shortcomings  of  the  present  apparatus,  which  are  discussed  in  Section 
4.  Suppression  ratios  at  lower  spatial  frequencies  which  are  at  least 
an  order  of  magnitude  higher  than  this  should  be  achievable  with 
additional  work. 

A  condensed  version  of  this  report  was  presented  at  the  1981 
Los  Angeles  Technical  Symposium,  sponsored  by  the  Society  of 
Photo-Optical  Instrumentation  Engineers  (SP1E),  and  will  be  published 
in  SPlt  Proceedings  Number  268. 

In  the  course  of  this  work,  a  novel  technique  for  achieving  a 
matched  set  of  MTF's  in  optical  systems  with  a  single  entrance  pupil 
was  conceived  and  investigated  in  a  preliminary  manner.  The  matched 
MTF's  are  produced  by  causing  the  image  to  undergo  a  programmed 
sequence  of  hi gh-f requency,  smal 1  amplitude  gyrations  on  the  detector 
face.  This  technique  was  described  in  a  paper  presented  at  the  SPIE'S 
24  Annual  Technical  Symposium  and  was  published  in  SP1E  Proceedings 
Number  283.  This  paper  is  reproduced  in  the  Appendix. 

Section  2.0  describes  the  initial  .  definition  phase  of  this 
program,  in  which  the  various  design  options  were  examined. 

Section  3.0  describes  the  laboratory  apparatus  which  was 
constructed. 

Section  4.0  describes  the  preliminary  measurements  which  have 
been  made  using  this  apparatus. 
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2.0  DEFINITION  PHASE 

During  the  Definition  Phase,  the  various  design  options  listed 
in  Section  1.0  were  evaluated,  and  the  alternatives  most  appropriate 
for  this  program  were  selected.  The  following  paragraphs  describe  that 
selection  process. 

The  method  chosen  for  switching  from  one  entrance  pupil  to  the 
other  used  an  arrangement  of  rotating  and  stationary  polarizing 
components  shown  in  Figure  1.  First,  the  radiation  from  the  source 
entering  the  entrance  pupils  was  linearly  polarized.  A  quartz 
half-wave  plate  over  one  of  the  two  pupils  then  rotated  the  plane  of 
polarization  for  this  pupil  by  90°.  Then,  a  rotating  analyzer  prism  in 
front  of  the  detector  alternately  passed  the  polarized  radiation  from 
one  pupil  and  then  the  other,  with  smooth  transitions  in  between.  This 
part  of  the  apparatus  is  more  completely  described  in  Section  3.  Other 
switching  techniques  involving  rotating  apertures,  solenoid  operated 
shutters,  and  tilting  mirrors  were  considered.  The  advantage  of  the 
polarization  technique  over  the  others  is  that  the  transitions  are 
performed  smoothly,  without  disturbing  transient  effects  or  momentary 
changes  in  the  shapes  and/or  sizes  of  the  pupils  during  the  switching 
phase.  The  polarization  method  is,  of  course,  wasteful  in  its  use  of 
the  incident  radiation.  However,  the  main  objective  here  was  to 
accurately  watch  the  MlF's  at  low  spatial  frequencies,  and  efficient 
use  of  the  incident  radiation  was  considered  to  be  less  important  in 
this  phase. 

The  wavelength  of  the  center  of  the  radiometer  spectral 
passband  was  chosen  to  be  2.0  pm  because  this  was  the  longest 
wavelength  for  which  the  fabricator  of  the  halt-wave  plate  had 
reliable  data  on  the  retardation  value  of  crystalline  quartz.  Also, 
2.0  pm  is  a  convenient  wavelength  at  which  to  work  because 
satisfactory  optical  materials  and  suitable  detectors  are  readily 
available,  and  absorption  by  atmospheric  gases  is  not  a  problem. 

From  among  the  various  possible  pairs  of  matched  MTF's 
described  in  the  references,  the  pair  consisting  of  a  diffraction- 
limited  annulus  and  a  smaller  diffraction-limited  circular  pupil  was 
chosen,  as  shown  in  Figures  2  and  3.  This  was  considered  to  be  the 
simplest  and  most  easily  implemented  arrangement  which  could  provide 
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good  suppression  over  a  reasonable  range  of  lower  spatial  frequencies. 
The  area  of  the  annular  pupil  is  several  times  that  of  the  circular 
pupil,  thus  requiring  that  a  neutral  density  filter  be  placed  over  the 
annulus  to  equalize  the  effective  collecting  areas,  Once  again, 
efficient  use  of  the  incident  illumination  was  not  considered 
important  in  this  laboratory  program. 

With  regard  to  the  geometry  trade-offs  (aperture  diameters  vs 
focal  length  vs  detector  size),  the  approximate  aperture  of  the 
circular  pupil  was  constrained  by  the  10  nun  diameter  of  readily 
available  half-wave  plates.  Then,  the  requirement  that  the  MTF's  match 
accurately  out  to  about  Zb%  of  the  cutoff  frequency  determined  the 
approximate  dimensions  of  the  annulus.  The  outside  diameter  of  the 
annulus  used  here  was  H.U4G  cm.  For  a  number  of  reasons,  a  relatively 
long  focal  length  for  the  objective  lens  is  desirable.  With  a  long 
focal  length,  the  effects  of  geometric  aberrations  of  the  lens,  such 
as  spherical  aberration,  are  decreased.  Also,  the  size  of  the 
diffraction-limited  point  spread  function  increases  with  the  focal 
length,  allowing  a  larger  field  stop  diameter  and  relaxing  the 
mechanical  precision  required  from  the  spatial  scan  mechanism.  Also, 
the  depth  of  focus  increases  with  the  focal  length.  For  these  reasons, 
a  focal  length  between  100  and  z!00  cm  seemed  appropriate.  A  single 
element,  plano-convex  lens  with  a  focal  length  of  10b  cm  was  finally 
selected.  In  order  to  define  shape  and  size  oi  the  field  of  view,  a 
circular  field  stop  aperture  was  placed  in  the  image  plane,  just  in 
front  of  the  detector.  The  diameter  of  the  field  stop  opening  involved 
a  tradeoff  between  signal  level,  which  increases  with  the  diameter, 
and  contrast  in  the  spatial  scans  of  the  higher  frequency  test 
targets,  which  decreases  with  field  stop  diameter.  It  seemed 
reasonable  to  choose  a  field  stop  diameter  such  that  the  first  zero  in 
the  detector  transfer  function  would  approximately  coincide  with  the 
cutoff  frequency  in  the  MTF  of  the  diffraction-limited  annulus.  The 
resulting  field  stop  diameter  was  100  microns.  This  size  proved  to  be 
small  enough  to  give  reasonable  contrast  in  scans  of  the  higher 
frequency  test  targets  (such  as  the  target  with  a  spatial  frequency 
b9%  of  cutoff),  while  at  the  same  time  yielding  adequate  signal 


levels.  7 he  field  stop  consisted  of  a  thin  disk  of  nickel  foil  con¬ 
taining  the  100  micron  opening.  1  tic  disk  was  centered  on  the  detector 
and  then  tacked  in  place  around  the  edges  with  an  adhesive. 

7he  detector  chosen  tor  these  measurements  was  a 
Quantum-Detector  Technology,  Inc.,  100  x  100  micron  PbS  detector.  This 
choice  was  made  because  this  detector  is  readily  available,  its 
characteristics  are  familiar  to  Visidyne  personnel,  and  it  works  well 
at  2  microns.  Because  the  objectives  of  this  program  involved  the 
optical  properties  of  the  instrument,  no  attempt  was  made  to  choose 
“realistic"  detector  electronics  as  would  be  used  in  an  actual  flight 
system  containing  a  detector  array  with  a  large  number  of  elements. 
Instead,  near-ideal  electronics  were  used,  in  the  form  of  a  Princeton 
Applied  Kesearch  Phase  Lock  Amplifier,  Model  126.  The  polarity  of  this 
amplifier  was  switched  synchronously  with  the  rotation  of  the  analyzer 
prism,  in  this  way,  the  output  of  this  amplifier  was  made  proportional 
to  the  cross-correlation  of  the  actual  detector  signal  with  a  square 
wave  having  the  same  frequency  and  phase  as  the  expected  detector 
signal.  This  is  probably  the  optimum  method  tor  extracting  a  periodic 
signal  from  a  noisy  background. 

The  methods  for  fine-tuning  the  optical  system  to  achieve 
close  matching  of  the  MTF's  at  lower  spatial  frequencies  involved 
varying  the  outside  diameter  of  the  annulus  and  al so  adjusting  the 
effective  collecting  area  of  the  annulus  by  adjusting  the  tilt  angle 
of  a  thin  metal  vane.  As  stated  previously,  the  effective  collecting 
areas  of  the  two  pupils  were  roughly  matched  by  placing  an  N-D  0.60 
filter  over  the  annulus,  fiominally,  this  left  the  effective  collecting 
area  of  the  annulus  about  6%  greater  than  that  of  the  circular  pupil. 
Final  matching  was  performed  by  obscuring  a  portion  of  the  area  of  the 
annulus  with  the  thin  metal  vane,  as  shown  in  Figure  4.  The  amount  of 
obscuration  could  be  controlled  precisely  by  tilting  the  vane.  (The 
long  dimension  of  this  vane  was  oriented  perpendicular  to  the 
direction  of  the  lines  in  the  test  targets,  so  that  its  effect  on  the 
shape  of  the  observed  MTF  of  the  annulus  would  be  minimized.)  This 
matching  was  performed  with  the  uniform  test  target  (zero  spatial 
frequency)  in  place.  It  was  then  planned  to  observe  the  amount  of 
suppression  at  some  higher  spatial  frequency  within  the  region  of 
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suppression,  such  as  at  20%  of  cutoff,  from  the  amplitude  and  phase  of 
the  residual  (unsuppressed)  fundemental  spatial  frequency,  a  corrected 
value  for  the  outside  diameter  of  the  annulus  could  be  computed.  The 
0.0.  would  then  be  so  modified.  (The  stop  which  determined  the  C.D.  of 
the  annulus  was  fabricated  in  several  slightly  different  sizes.)  Then, 
the  matching  at  zero  spatial  frequency  would  be  repeated,  the 
suppression  at  20%  of  cutoff  would  be  measured  again,  and  the  process 
repeated  until  suitable  low-frequency  matching  of  the  MTF's  was 
observed.  Due  to  problems  discussed  in  Section  4,  this  process  has  not 
yet  been  carried  out  in  its  entirety. 


3.0  1 HL  APPARATUS 

The  tailored  modulation  transfer  functions  were  produced  by 
matching  a  diffraction-limited  circular  entrance  pupil  to  a  larger 
di f fraction-1 imited  annular  pupil.  Given  an  annulus  with  an  outside 
diameter  of  unity,  it  was  found  that  a  suitably  matched  pair  of  MTF's 
will  result  if  the  outside  diameter  of  the  circular  pupil  is  set  equal 
to  0.450  and  the  inside  diameter  of  the  annulus  is  set  equal  to  0.540. 
The  calculated  MTF's  for  this  combination  are  shown  in  Figure  3.  The 
matching  is  very  good  out  to  20%  of  the  cutoff  frequency,  wc,  of  the 
annulus,  with  the  largest  calculated  mismatch  in  this  range  being 
0.005  at  10%  of  u>c .  Beyond  0.45  w  the  MTF  of  the  circular  pupil 
(Curve  B)  drops  to  zero,  and  the  combined  MTF  (Curve  A  minus  Curve  B) 
is  that  of  the  annulus  alone. 

The  actual  dimensions  of  the  entrance  pupils  used  in  this 
radiometer  are  shown  in  Figure  2.  The  two  pupils  were  concentric,  as 
shown,  and  shared  -the  same  objective  lens.  The  nominal  value  of 
referenced  to  the  image-plane  of  the  radiometer  is  9.71  cycles/mm,  as 
calculated  from  the  2.040  cm  outside  diameter  of  the  annulus,  the  105 
cm  focal  length  of  the  objective  lens,  and  the  nominal  2.0  micron 
wavelength  of  the  radiation.  The  geometric  collecting  areas  of  the  two 
pupils  were  substantially  mismatched,  with  the  area  of  the  annulus 
being  3.50  times  that  of  the  circular  pupil.  This  mismatch  was 
corrected  in  part  by  placing  a  metallic  neutral  density  filter  with  a 
nominal  transmittance  of  0.316  (neutral  density  0.50)  over  the 
annulus. 

The  major  components  of  the  apparatus  are  shown  in  Figures  1 
and  5.  As  stated  previously,  the  method  chosen  for  switching 
alternately  between  one  entrance  pupil  and  the  other  without  producing 
disturbing  transient  effects  utilized  a  set  of  polarizing  components. 
First,  incident  radiation  from  the  test  source  was  linearly  polarized 
by  reflection  from  an  uncoated  optical  flat  set  at  Brewster's  angle, 
and  it  then  passed  through  the  entrance  pupils  and  the  common 
objective  lens.  The  portion  of  the  radiation  passing  through  the 
annular  pupil  was  attenuated  by  the  N-D  filter,  but  its  state  of 
polarization  was  not  changed.  Radiation  passing  through  the  circular 
pupil,  however,  encountered  the  half  wave  plate,  which  was  oriented  so 
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Figure  5.  Photograph  of  the  apparatus. 


as  to  rotate  the  plane  of  polarization  by  90°.  (The  region  between  the 

inside  diameter  of  the  annulus  and  the  outside  diameter  of  the 

circular  pupil  was  blocked  by  a  thin  metal  ring,  as  shown).  A 

G1 an-Thompson  analyzer  prism  mounted  in  a  rotating  sleeve  assembly  was 

located  just  ahead  of  the  image  plane.  Ihis  sleeve,  which  was  driven 

continuously  at  4.67  revolutions/sec  by  a  synchronous  motor,  rotated 

about  an  axis  coincident  with  the  optical  axis  of  the  radiometer.  In 

this  way,  the  image  observed  in  the  plane  of  the  field  stop  consisted, 

alternately,  of  radiation  passing  through  one  entrance  pupil  and  then 

the  other  pupil,  with  smooth  transitions  in  between.  For  instance,  if 

the  intensity  of  the  images  formed  by  the  two  pupils  over  the  field 

stop  opening  were  identical,  the  signal  corresponding  to  one  entrance 

o  2 

pupil  would  vary  as  sin  fit,  and  of  the  other  as  cos  fit,  as  shown  in 
the  insert  in  Figure  1.  Thus  the  total  signal  from  the  detector  would 
be  constant  with  time,  and  the  output  of  the  phase  lock  amplifier 
would  be  zero.  If,  on  the  other  hand,  the  intensities  of  the  images 
were  different,  the  output  of  the  phase  lock  amplifier  would  be  pro¬ 
portional  to  that  difference.  Switching  of  the  phase  lock  amplifier 
was  synchronized  to  the  rotation  of  the  analyzer  prism  with  a  fiber 
optic  rotation  sensor  viewing  a  sector  pattern  located  on  t he  face  of 
the  rotating  sleeve.  The  polarity  of  the  amplifier  was  reversed  for 
each  90°  rotation  of  the  prism. 

The  bandpass  filter  was  an  interference  filter  with  bandwidth 
of  0.04  microns  centered  on  Z.O  microns.  It  was  necessary  to  restrict 
the  spectral  bandpass  because  the  half  wave  plate  produces  the 
required  \/Z  retardation  only  over  a  limited  spectral  range. 

The  optical  path  length  through  the  N-D  filter  (annulus)  was 
longer  than  the  path  length  through  the  central  pupil  (half  wave 
plate)  by  approximately  three  times  the  coherence  length  of  the 
radiation,  as  determined  by  the  bandwidth  of  the  interference  filter. 
Thus,  the  images  from  the  two  entrance  pupils  were  combined 
incoherently  in  the  detector  plane,  as  desired. 

The  test  source,  seen  in  the  background  of  Figure  S,  consisted 
of  a  set  of  backlighted  Ronchi  rulings  located  in  the  focal  plane  of  a 
paraboloidal  collimating  mirror.  Backlighting  was  provided  by  a 
tungsten-halogen  lamp  used  with  a  condenser  system.  The  Ronchi  rulings 


were  mounted  on  a  motor-driven  translation  stage,  allowing  spatial 
scans  of  the  rulings  to  be  made  with  time.  The  spatial  frequencies  of 
the  rulings,  referenced  to  the  image  plane  of  the  radiometer,  ranged 

from  l.lb  cycles/mm  up  to  7.66  cycles/mm.  An  unruled  region  in  the 

test  target  plane  provided  a  uniform  field  with  a  spatial  frequency 
approaching  zero. 

A  possible  future  improvement  to  thu  apparatus  would  be  to 
provide  a  test  source  having  sinusoidal  test  targets  instead  of  the 
square-wave  (Ronchi)  targets  used  here.  The  degree  of  suppression  of 
the  fundamental  spatial  frequency  can  be  determined  in  a  spatial  scan 
of  a  square-wave  target  despite  the  presence  of  the  higher  spatial 
frequency  components  in  that  square-wave.  However,  when  the  objective 

is  to  demonstrate  large  suppression  ratios,  it  is  more  convincing  if 

those  higher  spatial  frequencies  are  entirely  absent  from  the  target. 
Hence,  sine  wave  targets  would  be  desirable. 


4.0  PRELIMINARY  RtSULTS 

Initial  alignment  of  the  various  optical  components  in  the 
radiometer  and  test  source  was  performed  using  a  He-Ne  laser.  The 
radiometer  was  then  focused  by  measuring  the  contrast  in  the  image  of 
one  of  the  higher  spatial  frequency  Ronchi  rulings  for  several  image 
plane  positions.  The  detector  assembly  was  then  locked  in  the  plane 
having  the  highest  contrast.  Next,  with  the  analyzer  prism  turning, 
the  orientation  of  the  half  wave  plate  was  adjusted  so  as  to  rotate 
the  plane  of  polarization  of  the  radiation  passing  through  the  central 
pupil  by  90°.  This  was  done  by  blocking  off  the  central  pupil  and  then 
maximizing  the  reading  of  the  phase  lock  amplifier  on  the  signal  due 
to  the  annulus  by  varying  the  phase  adjustment  on  the  amplifier.  Next, 
the  annulus  was  blocked,  the  central  pupil  was  opened,  and  the  phase 
adjustment  of  the  amplifier  was  incremented  exactly  90°.  Then,  the 
half  wave  plate  was  rotated  to  maximize  this  second  reading  and  locked 
in  place.  Finally,  with  the  spatially  uniform  test  target  in  place, 
the  effective  collecting  areas  of  the  two  pupils  were  adjusted  to  give 
optimum  suppression  (zero  signal)  at  <o=0.  This  was  done  by  shadowing  a 
portion  of  the  area  of  the  annulus  with  a  thin  metal  vane,  as 
previously  described. 

Figure  6  shows  a  spatial  scan  of  t he  uniform  region  of  the 
test  target.  The  observed  signal  from  the  phase  lock  amplifier  is  0.0 
+  0.03  volts,  compared  to  a  signal  level  of  +4.0  volts  when  the 
central  pupil  was  blocked  and  the  test  target  was  viewed  through  the 
annulus  alone.  Thus,  a  suppression  ratio  in  excess  of  100  was  achieved 
at  w=0. 

Figure  7  shows  spatial  scans  of  the  1.15  cycle/nm  target  with 
both  pupils  open  (lower  curve)  and  with  the  annulus  alone  (upper 
curve).  The  fundamental  frequency  of  this  test  target  is  0.118  and 
thus  is  within  the  expected  region  of  effective  suppression,  as  seen 
in  Figure  1.  The  scans  do  demonstrate  substantial  suppression,  by 
about  a  factor  of  7.  However,  suppression  ratios  at  least  an  order  of 
magnitude  higher  than  this  should  be  achievable.  The  suppression  ratio 
observed  here  is  probably  limited  by  certain  shortcomings  in  the 
present  apparatus,  which  are  briefly  described  below. 


Figure  6.  Spatial  scan  at  « i  =  0. 
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figure  i!>  shows  spatial  scans  of  a  b. 7b  cycle/mm  ruling,  which 
corresponds  to  (j . bb  wc.  Ihe  lower  scan,  made  with  the  circular  pupil 
alone,  shows  no  significant  modulation.  This  is  to  be  expected,  since 
the  MTF  for  this  pupil  drops  to  zero  well  below  this  frequency.  The 
levels  of  modulation  in  the  upper  two  scans,  with  the  annulus  alone 
open  and  with  both  pupils  open,  are  about  equal,  as  would  be  expected. 

Of  the  present  shortcomings  of  the  apparatus  which  limit  the 
suppression  ratio  seen  in  Figure  7,  one  of  the  most  important  is 
probably  nonuniform  illumination  of  the  entrance  pupils  by  the  test 
source.  Among  the  possible  causes  of  non-uniform  illumination  ar^ 
mi s-al i gnment  of  the  condenser  system  in  the  source  and 
non-uniformities  from  point  to  point  in  the  relectance  of  the 
collimating  mirror  and  two  folding  mirrors.  The  effect  of  such  non¬ 
uniformities  is  to  distort  shapes  of  the  MTF's  from  the  nominal  shapes 
which  are  shown  in  Figure  3.  Then,  in  their  distorted  forms,  they  can 
still  be  forced  to  match  at  w=0,  but  will  in  general  be  mismatched  at 
all  higher  spatial  frequencies.  Various  techniques  are  available  to 
correct  this  situation.  Diffusers  could  be  added  to  the  source,  and 
various  states  of  adjustment  of  the  condenser  optics  could  be  tested 
to  find  the  one  which  is  most  uniform.  The  mirrors  involved  could  be 
re-coated.  An  incandescent  lamp  with  a  ribbon  filament  could  be 
substituted  for  the  present  coil -type  filament.  Other  possible  problem 
areas  are  that  the  images  through  the  two  pupils  may  be  spatially 
displaced  due  to  wedging  in  the  N-D  filter  or  the  half  wave  plate,  or 
that  the  wavelength  at  which  the  half  wave  plate  produces  A/2 
retardation  may  not  coincide  adequately  with  the  passband  of  the 
interference  filter.  These  and  other  possible  problem  areas  will  be 
examined  in  the  next  phase  of  this  program,  and  it  is  expected  that 
substantially  improved  suppression  ratios  will  be  achieved  in  the 
future.  Ihe  objective  of  the  next  phase  will  be  to  demonstrate 
suppression  over  the  range  of  lower  spatial  frequencies  by  a  factor  of 
100. 
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Abstract 

A  technique  is  described  tor  suppressing  the  lower  spatial  frequencies  in  the  object  using  an  optical 
system  with  a  time-varying  MTF.  1  he  technique  is  applicable  to  imaging  radiometers  operating  in  the  infrared 
region,  lhe  required  variations  in  the  MTF  are  produced  by  causing  the  image  to  move  m  a  programmed  sequence 
ot  small  amplitude  circular  gyrations  on  the  face  of  the  detector,  lhe  gyrations  are  performed  at  a  frequency 
high  compared  to  the  system  frame  rate.  A  series  ot  calculations  are  described  which  indicate  that,  at  low 
spatial  frequencies,  average  suppression  ratios  of  at  least  bU0  to  1  can  be  achieved  with  this  technique. 

Introduction 

This  paper-  discusses  a  technique  ot  background  suppression  on  an  optical  level  by  means  of  suitably  matched 
or  tailored  pairs  of  modulation  transfer  functions  which,  when  subtracted  from  one  another,  suppress  the  lower 
spatial  frequencies  in  the  object  scene.  This,  in  turn,  enhances  the  detectability  ot  point  sources  or 
targets  in  the  presence  ot  structured  backgrounds.  The  technique  is  intended  to  be  applied  to  image- forming 
radiometers  operating  at  or  near  the  diffraction  limit  in  the  infrared  region  of  the  spectrum. 

t  igure  i  shows  a  somewhat  idealized  pair  of  modulation  transfer  functions  of  this  type,  lhe  Mil  labeled 
TjA.j  Initially  drops  steeply,  then  levels  off,  and  finally  falls  to  zero  at  the  cutoti  frequency,  ,  =1.0.  The 
Mil  labeled  ^ .  j  closely  matches  1^  out  to  ,.«;b.3.  However,  beyond  this  point,  it  continues  to  fall  steeply, 
actually  becoming  negative  (producing  reverse  contrast)  over  the  range  of  higher  spatial  frequencies  before 
returning  to  zero  at  cu  =  i . 0.  When  subtracted  from  one  another,  the  resulting  Net  Mil  (1.  minus  I.,)  results  'i 
effective  suppression  of  the  luwer  spatial  frequencies,  while  the  imuye  contrast  for  those  higher  spat’al 
frequencies  whicli  would  characterize  a  pdint  source  is  preserved  or  actually  enthancea. 

Previous  work  at  Visidyne  has  concentrated  ori  adapting  this  concept  fur  use  in  background  suppr  *  \ 
imaging  double-beam  interferometers.  (Keterences  !,  if,  3,  and  4).  A  double-beam  inter  ferometci  >s  ,  own 
schematically  in  figure  c.  The  device  has  two  entrance  apertures,  at  A.  and  h.  ,  and  two  outputs,  at  !,  and 
In,  where  detector  arrays  tan  be  placed.  The  two  modulation  transfer  functions  typically  are  defined  Ay 
optical  components  or  slops  placed  at  these  two  entrance  apertures.  I  ur  cacti  quar  ter-wave  motion  of  the 
moving  roof  reflector  H.  ,  the  image  formed  on  a  given  detector  ar  ray  is  switched  from  radiation  passing 
through  one  entrance  aperture  to  that  passing  through  the  other  entrance  aperture.  The  t;.j  modulation  trans¬ 
fer  functions  are,  in  effect,  subtracted  by  detecting  only  t he  fluctuations  in  the  image  as  the  root  reflector 
is  translated. 


f  i  lure  1  .  Ideal  ized  set  of 
mat i  tied  modulation  transfer 
t  mn  r  i  rins . 
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BACKGROUND  SUPPRESSION  WITH  VARIABLE  MODULATION  TRANSFER  FUNCTION  (MTF|  IMAGING  SYSTEMS 


A  n umbel  ut  Us  lungues  1 01  tailoring  Itii'  Kit  ut  a  given  optical  system  to  the  desired  form  have  been 
investigated.  I  hose  imiuiie  introducing  control  lid  amounts  tit  vdi  ious  geumetr  leal  aberrations  into  the 
system,  slightly  ml  m  us  my  the  system,  adding  central  obstructions  ut  various  diameters  to  the  entidiiee 
pupil,  introducing  optical  pdtli  length  thdiiyes  of  A/z  over  Vdrtous  areas  ut  the  pupil,  and  caustny  the  imaye 
to  undergo  small  amplitude  tirtular  yyrations  at  hlyh  frequency  on  the  detector  face.  These  techniques  are 
UescriDetl  in  more  detail  in  the  references. 

Variable  Mlf  radiometer 

in  the  present  wurk,  we  wish  to  adapt  the  tailored  modulation  transfer  (unction  concept  to  linayiny  radio¬ 
meters,  tor  applications  where  the  high  spectral  resolution  ot  an  interferometer  is  not  required  or  where  the 
bulk  and  complexity  ot  an  interferometer  is  nut  wanted.  The  main  problem  here  is  that,  unlike  a  doubie-beatn 
interferometer,  an  imayiny  radiometer  normally  has  only  one  entrance  pupil  and,  at  any  moment  in  time,  only 
one  MTI .  Ihe  concept  could,  however,  be  adapted  to  a  radiometer  if  the  optical  properties  of  this  single 
entrance  pupil  coulo  be  varied  with  time  in  order  to  switch  from  one  MTF  to  the  other.  Thus,  on  alternate 
frames,  the  Mil  ot  the  radiometer  would  resemble  that  ot  1,  (Mode  A/  in  figure  i,  and  on  the  remaining  frames 
it  would  resemble  that  ot  T , .  (Mode  Li),  by  detecting  only  the  image  fluctuations,  the  net  MTF  would  be  the 
difference  between  the  two  instantaneous  MIF's.  lo  be  practical,  the  changes  in  the  Mlf  must  be  effected 
without  major  mechanical  motions  or  major  optical  component  changes,  for  these  reasons,  techniques  involving 
various  combinations  ut  sma 1 1  amplitude  gyrations  of  the  image  on  the  detector  face  appear  to  be  most  promis¬ 
ing,  and  an-  examined  in  detail  in  this  paper. 

figure  u  illustrates  the  type  of  gyrations  which  arc  ot  interest  here.  Ihe  solid  curve  represents  the 
profile  ot  l fu  instantaneous  diffraction  pattern  produced  by  ttie  optical  system,  by  translating  and/or 
tilting  one  ot  the  optical  components  in  the  system,  this  diffraction  pattern  is  made  to  move  in  a  circular 
mot  1  an  about  an  axis  which,  in  this  case,  is  located  part  of  the  way  out  to  the  first  dark  ring.  Thus,  the 
dashed  dive  is  ttie  profile  of  the  diffraction  pattern  one-half  of  a  gyration  cycle  later.  It  will  be  shown 
that  gyration  radii  no  more  than  several  times  the  radius  ot  the  first  dark  ring  are  sufficient  to  proouce  the 
requited  mod  1 1  i  cat  i  ons  in  the  Mil.  lfius,  the  amplitude  ot  the  yyrations  is  very  small,  being  on  the  arcsecond 
or  sub-arcsecono  level  tor  any  real  set  of  optical  system  dimensions.  Ihe  frequency  of  the  gyrations  must  be 
hiyh  compared  to  Uie  system  fiamc  rate,  so  that  the  observed  Mil  during  any  given  frame  will,  in  fact,  be  the 
time-averaged  Mlf.  lypically,  acoustical  frequencies  on  the  order  ot  10  kHz  would  be  appropriate.  The 
gyrations  could  be  driven  by  existing  types  ot  actuators,  such  as  a  set  ot  piezoelectric  drivers.  An  advant¬ 
age  ot  the  gyration  technique  for  tailoring  the  modulation  transfer  functions  is  that,  by  controlling  the 
actuators  with  a  proyraiimable  function  generator,  the  optical  system  characteristics  can  be  adjusted  on  a 
software  level,  thus,  the  radiometer  can  be  considered  to  be  an  adjustable  spatial  filler  whose  filtering 
characteristics  can  Ire  tuned  at  will.  Ari  additional  advantage  is  that  the  effective  collecting  areas  of  the 
optical  system  in  Modes  A  and  b  arc  automatically  matched,  since  they  time-share  the  same  entrance  pupil. 
Matched  collecting  areas  are  required  lot  effective  background  suppression  with  tins  technique. 


^  "lutr  ^  '.eneral  pultrrn  ol  gyrations  figure  S.  A  ■  -  -  ■  t  ol  Mil  modifying  functions 

giving  irodu  l.il  ion  Iran. fur  fum  turns  (or  the  gyration  pattern  shown  in  fiqure  A. 

■  l  ii 1 1  I  a  r  to  1  Inrse  o  I  j  l  gore  I  . 
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Calculations  of  gyration  rucli  i  and  dwel  I  t  ink  s 

in  uur  initial  ca  leu  I  dt  ions ,  we  assumed  that  one  Mil  of  the  matched  pa  1  r  would  ho  the  Mil  ut  a  stationary 

or  nun-gyrated  optical  system,  dfio  ttidt  it  would  ho  s  l  mi  I  a »'  in  shape  to  I  ^  ( .  )  in  I  igure  i.  Wo  then  attomptod 

to  1 1  rid  a  pdttern  of  yyrations  which  would  transform  1^  into  a  time-averaged  Mil  similar  to  I.  (  ].  Iho  result 

of  this  attempt  was  thdt  some  of  the  required  yyrations  would  have  to  he  performed  fur  neyallvr  periods  of 

time.  Wo  interpret  tins  result  to  mean  that  1^,  can  not  ho  tlx  Mil  of  any  stationary  opt  Hal  system,  anu  that 
it  also  must  he  produced  by  applying  a  pattern  'of  gyrations  to  some  other  stationary  system  with  an  Mil  of 

v-. 

A  pattern  of  yyrations  which  was  found  to  yive  pairs  ut  modulation  transfer  functions  of  the  desired  form 
is  shown  in  liyurt  a.  this  figure  illustrates  the  yeneral  form  of  the  two  distribution  functions  of  the 
yyratiun  radii,  for  those  frame  periods  when  the  radiometer  is  to  he  in  Mode  A  with  an  MU  of  !„,  a  fraction 

of  the  time  is  spent  gyrating  at  a  radius  k^, ,  and  the  remainder  of  the  time  is  spent  dwelling  at  a  gyration 

radius  ut  Zero,  as  shown,  lor  the  alternate  pi  nods  when  it  is  to  he  in  Mode  I  with  an  Mil  of  I..,  the  entire 

time  is  spent  gyrating  at  some  other  radius  kj  .  lhus,  the  distribution  functions  bj.it;  and  hj  ,r;  for  the 

yyratiun  radii  can  he  written  as  follows: 


•j-y)  --  t-  t  r-b )  +  U-t  J  '  U  i 

hL  y)  =  -  fr-kbl  J  U) 

where  (r-R)  is  the  delta  function  iri  cylindrical  coordinates,  and  1  is  the  fraction  of  t fie  time  that  the 
system  spends  dwelling  at  a  yyratiun  radius  of  zero  when  it  is  in  Mode  A.  As  it  is  used  here,  the  delta 
function  in  cylindrical  coordinates  is  defined  to  have  the  following  properly: 

/  i r-k ;dr  ■  =  i /ink.  I  a ) 

in  the-  calculations  described  here,  the  transition  times  in  switching  from  one  gyration  radius  lu  another  have 
been  assumed  to  he  negligible',  and  their  effects  on  the  MU  tiave  been  neglected. 


The  lime-averaged  point  spread  function  of  the  gyrated  optical  system  is  the  stationary  point  spread  function 
convolvec  with  the  distribution  function  b t r ;  of  gyration  radii,  lhus,  the  yyroteu  Mil,  !(,),  is  the  product 
of  the  stationary  Mil,  y  .),  and  the  tourier  Transform  lit.)  of  b(r): 

U-  )  =  y  •)  bv-  >  -  (4) 

Then,  the  modulation  transfer  functions  of  tor-  Modes  A  and  li  are  given  by: 


=  y.j  Zir  J't>A(rj  Jb(Bnr..)rdr 

=  »y  ■  i  *  u-t)  y  •  i  yz*i<A.  > 


!  i 'Hire  7. 
add  i  f  ion, 1 1 
to  Mode  I'.. 


'lyration  patterns  with  an 
gvru t inn  rad i us  ,  added 
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Hon.,  J  is  tin  /itu  uruer  btssel  function.  II  we  require  that  I.  ano  1.  match  at  sunn  spatial  frequency 
las  well  as  at  -U),  the  condition  tor  matching  can  he  found  hy  combining  Iquations  l  ono  o: 


ol|i/'»l<|  j.  1()  I  *  (i-t)  J '  l? I 

Note  that  lijuation  /  does  not  depend  on  the  stationary  Ml,  1  .  Ihus,  when  this  equation  is  satisfied,  1. 
ami  1  will  inateti  at  - 1.  and:.  -  reyardless  ol  the  stationary  Mil  which  was  chosen.  For  this  reason,  it  waS 
considered  to  he  more  siymticant  to  calculate,  initially,  a  pair  of  Mil  modifyiny  functions  f  and  E  c .  J 
rathei  than  1^,  and  1|  .  Here: 


V  ‘  a  'a'  V  > 

1  1  It1  1  1 ■ 


1  cj 


Once  I,  and  l|  are  known,  then  any  desired  1^  can  he  seluted,  and  the  pair  of  yyrated  modulation  transfer 
functions  can' 'he  calculated. 


holdiny  fixed  at  b./U,  a  series  of  calculations  of  I ^  and  I  weir  made  hy  varyiny  the  yyration  ladii 
and  U.  over'  a  yrid-like  search  pattern.  Key  1  oils  of  the  qr  id  pattern  yir  ldiny  the  best  forms  for  f.,  f.  ,  arid" 
the  difference  Al  -I  ^,-1  were  explored  in  detail,  lhe  ciHirion  tor  selectiny  the  best  forms  was  that  II 
ni.iain  as  close  t  zero  as  possible  from  -h  to  ,-b.i:b,  ano  then  that  1L  clinic  to  as  large  a  value  as  possible 
between  -b.hb  am.  .-h.i,u.  lhe  results  of  one  of  the  calculations  in  this  set  les  are  Shown  in  llyore  s. 
here,  tin  yyration  radii  1:^  am.  K  were  L.tiib  arid  (j.bto,  respectively.  .Here,  the  units  of  the  yy ration 
radii  .in  t/b  radians.  Ihus,  a  value  for  K  of  h.i.Ul  corresponds  to  yyration  about  an  axis  which  is 
b.f.o.  ,  i  .<  t  -of. ol  the  way  to  the  first  dark  riny  in  the  diffraction  pattr  rn  for  a  circular  aperture  ol  dia- 
i.utei  l.f  o  oe  (it  ndenl  variahlr  in  tin  calculation  was  t,  the  fraction  of  t  fit  time  spent  in  dwellin',  at  a 
radius  ol  zero  when  tin  system  is  in  Mode  A.  Here,  t  was  o.tAS.  I  and  I.  are  Seen  to  match  yultc  wcl.  Iron, 
-u  to  •h.Lh,  with  a  maximum  mismatch  of  - . L>  1  if /  at  .=h.ih.  heyondnthis  point  they  diveryt.  reachutq  o 
maximum  ditfeienee  Al  "I  i .  .  /'«  at  ~o./j.  Ifius,  at  tins  spatial  treyuency,  the  net  Mil  would  actually  be 
enhanced  over  flu  stul  I  omit  y  Mi  by  about  i  /*.. 


,n  liyuie  o,  th«  turn. I  ion  .si  from  liyuit  S  lias  been  moltiplieo  by  the  Mil  of  a  stationary,  diffraction 
limileei  unnulai  aperture  havin',  a  central  ohstiuctlon  equal  to  bbV.  of  Us  diameter.  eAn  annular  aperture  was 
e.he.st  n  hi  i  e  because  any  actual  optical  system  of  this  type  wouiu  probably  have  a  seconoary  mirror,  ano  also 
because  tin  steeply  tailin'.  Mil  ot  an  annulus  helps  to  reduce  the  deviation  of  the  net  MIL  from  zero  between 
U.iO  ami  u.,:i,.  1  In  rtsullimi  ml  Mil,  z.1,  snows  effective  backyrouno  suppression  out  to  .=L.ifb,  witli  a 

iitax  niiuii,  deviation  trum  zero  ol  -.Ullb  at  b.ib.  At  spatial  frequencies  beyonu  b.t,  the*  net  Ml  shews  consi¬ 
derable  i  ntuim  eii.ei'l  i.m  Inal  >1  a  d  i  f  1 1  at  I.  ion  limited  circular  aperture,  which  is  lnoicatt-u  by  the  aashec 


■  'i.iie  ■  "n  MI  I  mud  1 1  y  mo  him  I  ion  Im 
the  'ivr.it  i, m  pattern  shown  m  I  iqnm  /. 


'  o.i  ..  o.f 

1  ''lure  ‘f.  I  (.)  from  I  iqure  8,  with  the 
orrlui.ite  scale  expanded  to  show  the  behavior 
It  till'  him  t. ion  at  low  spatial  frequencies. 
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T  ]—  -r — r 


-  [  —  t - r  —  i  - 


f  iyure  10.  The  net  MTI  found  by  nmlti- 
nl/iny  the  MU'  of  a  (li  1 1  nut  lion 
limited  annulus  by  '!(  )  t  com  I  i'luro  H. 


I  i'lui  e  I  I  .  Mil  M!  I  ii.miI  i  I  yii",  i  mu  I 
I  hi  tv  *|  i mi  i.i  i  I  !  i-<  i  i  vi  tii  1 1  •  1 1  i 

(  O  hi  dtu  i  |, i  ]  ‘  *  ,i|i  r  i  i  . 


•  t  the  general  pattern  of  gyrations  is  restricted  to  the  iuin.  -.howti  :n  I  H|im  ,  tin  i 
tunelluns  in  figure  b  are  probably  tin  optimum  or  near-optimum  set  whuh  .  an  In  tonne, 
rurthtr  improvements  in  background  suppression  at  lower  spatial  tit.ju.  iu  i< v.lnl.  ut.,u 
the  my  her  frequencies,  an  additional  deyree  ot  I  reed  urn  is  net  nee  in  tin  *j>  i  »i  l  i .  -n  pal  lm 
that  the  opt  leal  system  m  Mode  A  alternate  between  two  gyration  radu:  /.  rt,  or,.-  .  !l 

the  system  in  Mode  L  to  alternate  between  two  gyration  radii  as  well  is  proliably  nut’  a  m 
complication.  Myure  7  shows  the  yenerdl  pattern  ot  yyralion  radii  witli  '.his  ado  1 1.  Iona  i 
added  to  Mode  B.  ihe  gyration  distribution  function  tor  Mode  I  then  bn. times: 


b|.  t r- )  *  9  •lr-k.  I  +  u-yi  r-!<  ) 


win  n.  i,  is  tin-  traction  ot  the  time  Ihe  system  spends  gyrating  at  In  wiirn  it  is  in  f  ■uiii  i  .  /, ;  t .  Mu 
liohal  dtyree  u1  freedom  provided  hire,  it  is  possihli  to  mutch  1^  .  i  fS « :  !  ut  mum  u!lin  |.ili.i! 

in  addition  tu  the  previous  Then,  the  condition  tor  match  i  ny  V?  ev  i*  . '  .  qiv«n  in  !  -.ow*  ion  wi«> 


ft  |.  laced  by  the  toll  owl  ny  two  t  x  press  ions  : 


'lil,,kWL) 


f  t  i  1-1  ( 


:i,u’'1';, 


+  ['L"1!  %u,ku-L'  '  1  *  u-o 

h  or  convieiict  in  our  further  to  leu  Id  t  ions ,  we  set  .  eouu  I  to 

t.  V 

Sets  of  MU  modifying  functions  wen-  calculated  tor-  various  t  omln nut  I oris  of  i 
tor  one  of  these  combi  not  ions  are  shown  in  Injure  <■.  hen  ..  w.is  m!  t  «4u«i  I  !<•  : 
that ,  with  the  added  deyree  ot  freedom,  the  low  spatial  frequency  eluii.nlir  imk 
improved  over  Myure  b ,  with  tin  ma*  1  mum  deviation  from  zero  In*  low  .  -h./h  l»«  i  n*  j 
In  Myure  h,  the  ordinate  scale  ot  I  iyure*  fa  has  been  expanded  to  show  details  « .1 
spatiul  frequencies.  In  Myure  K » ,  the  Mil  of  the  previously  destr  ihni  .rnnulus 
the  net  MI?  ot  the  optical  system.  Again  the  ilasfied  line  shows,  tor  <  omp.it  i  son, 
iiritid  circuior  aperture.  I  he  :*i«ja  tinuvn  doviaMon  from  /eru  he  low  MM  ut  -.M 
average  suppression  ratios  of  bhb  to  i  or  greater  arc  possible  over  tin  tow  spat 
technique*  Attempt iny  to  improve  the  theoretical  suppression  ratio  licyono  Mi  is 
worthwtirle,  since  actual  suppression  ratios  will  probably  be  limited  to  values  o 
optical  component  toll  ranees,  aliynment.  to  I  eraru  es  ,  and  t  tie  offer  I*,  ot  t  tu  firnt 
switch  from  one  gyration  radius  to  another. 


1  a  I  t  n  •; 
pomt.  w.i 
t  t  tn  s 
«  1  i  arts  i 


u«  r  k.  >  • 
ru  t  < 
root  1  >y 
t  i »  n  !  ! 


.  ,tii  n 

i  .  it  . 

‘  t  ant  Mil 
, < ;  i  <  - 

t  Al  .it  ; 

tn,  .tinv 
I  M  r  at  !  i  • 

:  t  .  I  »  1  1 

»m  Jt  Witt 
?  \  1  di  t 
. t<(  fi  ttP 


<  suits 
Not  »■ 


tu  try, 
*i  Mils 
M  hi 


If  desired,  ttie  region  of  eftictlve  hast  ground  suppression  tan  he  cdiiit!i  ii  lc  hiqtui  .pati.il  f*»qutn<  ie*.. 
In  Myure  .a,  .  p,  ^,d'J  hi.*en  raised  to  MM.-.  Ihe  result,  iny  Mil  modifying  tom  Mon  iruiKutt-.  that  *>patial  *rr- 
queneies  out  to  . -U.jfa  or  b.jfa  would  he  effectively  suppressed. 
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BACKGROUND  SUPPRESSION  WITH  VARIABLE  MODULATION  TRANSFER  FUNCTION  (MTFI  IMAGING  SYSTEMS 


Jllljl  lellH'Ilt  ill  j  Ull  ut  lilt'  tl'Clll!  I  tJLll- 

1  wo  ways  in  which  L  Li  I  s  background  suppression  tretiniqui  could  be  Imp  I  cmcnted  art-  shown  schciiuit  ltd  i  iy  in 
figure  It.  A  Cassegrain  oplicdl  configuration  is  indicated  here,  although  in  tact  it  in i y fit  Lit-  d  Schmidt 
system  or  some  other  catadioptrrc  configuration.  in  any  id  sc ,  tin-  system  woolo  probably  include  a  seionoary 
mirror.  In  I  lyuro  It'd,  the  secondary  u.irroi  is  mounted  on  a  set  ot  piezoelectric  actuators  .  sich  product  the 
required  gyrations  of  the  image  on  the  face  ut  the  detector  array  by  wobbiiriy  the  secondary  so  that  its 
optical  axis  traces  out  a  circular  cone  with  time.  Ihis  motion  ut  the  secondary  will  also  tilt  the  imaye 
plane  with  respect  to  the  detector  face.  However,  since  the  yyrations  are  to  be  on  the  arcsecond  or  sub- 
arc sec ond  level,  the  resultiny  defotusiny  ot  regions  ot  the  imaye  will  be  neyliytble.  In  Figure  iLb,  the 
secondary  mirror  is  fixed,  and  the  actuators  are  used  to  drive  a  planar  mirror  located  just  in  front  of  the 
detector  array.  1  he  driven  mirror  in  tins  configuration  would  probably  be  smaller  and  less  massive  than  the 
driven  mirror  in  llyure  lea,  althuuyh  the  amplitude  ut  the  motions  would  have  to  be  greater  because  ot  the 
shorter  optical  path  tu  the  detector.  As  indicated,  the  actuators  would  be  driven  by  a  programmable  function 
generator.  I  he  function  generator  would  produce  waveforms  ot  the  type  *  A  sin  .t  and  *A.  cos  .t,  where  the 
aiuplltuue  A  would  correspond  to  the  particular  gyration  taolus  required  at  any  given  moment. 

tunc  I  us  lore, 

Ihe  calculations  described  here  indicate  that  very  effective  suppression  ot  the  lower  spatial  frequencies 
in  an  object  scene  can  he  obtained  on  an  optical  level  in  single-pupil  systems  witli  a  tecliniyuc-  wtilcti  rc-yulit-s 
unly  microscopic  motions  ot  one  ot  the  optical  components.  lire  actual  suppression  latlos  which  can  be 
achieved  will  probably  be  limited  by  component  and  alignment  tolerances,  anu  by  the  finite  time  reyuiieo  to 
switch  from  one  gyration  radius  to  anuthei  .  However,  we  expect  that  the  eftects  ot  some  of  these  practical 
limitations  can  be  diminished  by  tine  tuning  the  system  by  means  ot  minor  adjustments  in  tiie  gyration  rauii 
and  the  dwell  times.  A  laboiatory  measurements  program  to  evaluate  this  technique  is  presently  being 
conducted. 

Ibis  work  was  supported  in  part  by  the  Air  loice  apace  division  and  the  Air  loicc  Geophysics  Laboratory 
under  Contract  i  IVbittl- /V-b-Obbb. 
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Question 

it  the  spatial  filtering  technique  described  were  to  be  applied  to  delecting  moving  targets,  would  you 
propose  to  1  I owt try  it  witti  ttie  usuul  temporal  tilteriny  techniques  suyyesteo,  such  us  frame  to  frame 
subt r  act  i  on’:’ 


1.  Jdiissens 
Aerospace  Corporation 

Answer 

benerdlly,  one  would  wunt  to  take  ddvantdge  of  dll  the  relevant  techniques  which  would  improve  the  detec¬ 
tion  process.  The  variable  Mlf  technique  used  in  conjunction  with  frame  to  frame  subtraction  may  make  the 
latter  easier  to  implement,  since  most  of  the  background  is  eliminaleu  prior  to  usrny  frame  to  frame  sub¬ 
traction.  lhat  is,  it  may  decrease  the  precision  with  which  frame  to  frame  subtraction  must  be  performed  in 
order  to  reach  a  given  overall  level  of  background  suppression. 

Question 

boes  this  system  cope  only  with  circularly  synmetric  types  of  backgrounds,  or  does  it  cope  equally  well 
with  an  edge  or  other  non- symmetric  features.' 


Answer 

It  is  not  limited  to  circularly  synmetric  features,  lhe  background  suppression  characteristics  arc 
isotropic,  and  do  not  depend  on  the  orientation  of  the  spatial  frequencies  which  make  up  a  given  tiatun  iri 
the  object.  This  is  one  advantage  of  this  type  of  spatial  filter  over  types  usiny  grilles  or'  reticles,  which 
generally  fiave  a  preferiental  direction. 
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